As a result of the direct synthesis through oxidative dissolution of metallic copper powder in the presence of phthalimide and sodium hydride a new polymeric bimetallic coordination compound [Cu(phthal) 4 Na 2 (PrOH) 2 H 2 O]n was synthesized and characterized by a single crystal X-ray crystallography and IR spectroscopy. The copper(II) ions have a distorted tetrahedral environment (CuN 4 ), while the coordination polyhedra of two symmetrically independent sodium ions are distorted tetragonal pyramid (NaO 5 ) and octahedron (NaO 6 ). The alternating Cu and Na coordination spheres are bridged by the O atoms of the multidentate phthalimide anions. In the crystal lattice, columns of the polymeric complex are packed in the pseudo-hexagonal mode. The complex crystallizes in the triclinic space group P-1 with the unit cell parameters: a = 11.293 (4) 
Introduction
Phthalimides are aromatic compounds with two carbonyl groups bound to a secondary amine (Scheme 1).
Their salts, especially potassium, are very reactive. They hydrolyze in water, and therefore their preparation and the reactions are carried out under anhydrous conditions (Hargreaves et al., 1970) . Phthalimide salts are applicable among others as reagents for the synthesis of primary amines (Gabriel synthesis) (Gibson, Bradshaw; 1968) and isomerically pure allylic amines (Sen, Roach; . Derivatives are used predominantly as building blocks in organic synthesis and can be used as key intermediates in the preparation of bioactive compounds, i.e. antimicrobial (Sabastiyan, Suvaikin; , anti-HIV (Verschueren et al., 2005) , antitumor (Pessoa et al., 2010) , antiparasitic (Timothy, 2013) , antiinflammatory and analgesic (Dos Santos, 2012) , anticonvulsants (Malawska, Scatturin; 2003) and also as herbicides, insecticides and plant growth regulators (Hargreaves et al., 1970) .
The other application fields are the functional materials based on aromatic imides, polyimides and their coordination compounds. Among them, worth to mention are the materials with nonlinear optical and piezoelectric properties (Singh et al., 2013) , fluorescent substances (Bligh et al., 2012) , dyes (Maatz, Ritter; , bleach activators (Cross et al., 2012) , ion exchangers (Klipper et al., 2011) , flame retardants (Shimada et al., 2013) and organic electronic devices (Hassan, Thompson; 2013) .
There is still need for continuous exploration of coordination compounds with phthalimide ligands. So far, only 30 crystal structures of transition-metal complexes have been reported in which the coordinated cations were: Pd, Au, Cu, Ni, Sn, Pt, Ag, Fe, Ir, Mn, Zn (Allen, 2002) . In these complexes the metal coordination sphere is built of 2 up to 4 different organic ligands, among them the phthalimide molecule is always deprotonated and coordinates to the cation through the N-atom, except of four complexes where additionally O-atoms are involved in such bonds to Ag, K or Na cations (Savjani et al., 2011; Ichieda et al., 2006) . There are known only four structures of the phthalimide copper complexes.
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However, they all contain Cu(I) ions (Ponikiewski et al., 2008; Tye et al., 2008) . Till now, there was no published data on the Cu(II) phthalimide compounds.
The similar structure of polymeric coordination compounds are observed for two Pd complexes with phthalimide ligands (Ichieda et al., 2006) . The unique features of these structures are as follows: (a) no other organic ligand molecule is present in their structure, and (b) they are bimetallic − additional alkali metal cations (sodium and potassium) are included into the polymeric complexes.
The presented novel bimetallic complex of phthalimide was synthesized through the direct synthesis starting from the zero valent copper powder. The mechanism of this reaction is the oxidative dissolution of transition metal performed in a propanol solution of ligand (Garnovskii, Kharisov; 1999).
Experimental
Materials
The reagents and solvent, i.e. phthalimide, dendritic copper powder, sodium hydride and 1-propanol, used in this work were commercially available from Aldrich Chemical Company and Polish Chemical Reagents. They were used as received without further purification.
Synthesis
The synthesis of the title complex was carried out using one of the direct methods, viz. oxidizing dissolution of metal powder in a solution of ligand with addition of sodium hydride as a deprotonation agent (Mendez-Rojas, Kharisov; 1999).
The ligand (0.4 mmol, 0.059 g) was dissolved in 10 ml of 1-propanol. The sodium hydride (0.4 mmol, 0.009 g) and copper metal (1 mmol, 0.0635 g) were added to the solution of ligand and stirred for 3 hours at 45°C. The solution was clarified by a filtration of an excess of copper powder and allowed to stand at room temperature. After ca. seven hours the blue fine crystals of complex showed up; they were isolated by filtration and washed with propanol.
The thermomicroscopic analysis performed in the range 20−270ºC for single crystals of complex revealed that around 76−78ºC they change the color from blue to brown because of the loss of solvent. They do not decompose until 270ºC.
X-ray crystallography
The diffraction data for the complex were collected on a KM4 CCD diffractometer at 120 K, using the blue crystal of dimensions 0.15 × 0.11 × 0.10 mm and Cu Kα radiation. The structure was solved by direct methods using the SHELXS-97 program and refined by full-matrix least-squares method on F 2 using the SHELXL-97 program (Sheldrick, 2008) . Due to the low quality data resulting from a small crystal size and the presence of heavy atoms in the crystal structure of the complex, it was not possible to establish the position of the hydrogen atoms of water on the basis of the differential electron density maps.
The non-hydrogen atoms were refined with anisotropic displacement parameters. The isotropic displacement parameters of the H-atoms were Uiso(H) = 1. 
IR spectroscopy
The ATR-IR spectra for crystalline phthalimide and its complex were recorded in the range 4000-400 cm -1 on a Nicolet 8700A spectrometer equipped with Smart Orbit TR diamond ATR accessory.
Results and discussion
The complex of the formula [Cu(phthal) 4 Na 2 (PrOH) 2 H 2 O]n is built of two types of cations, Cu(II) and Na(I), four symmetry independent phthalimide anions, two molecules of propanol and one of water completing the metal coordination spheres. The view of the asymmetric part of the crystal structure and atom-numbering are presented in Fig. 1. 
Geometry of phthalimide anions
The molecular geometric data are presented in Table 1 . The length of the C=O bonds in each of the phthalimide anions are very similar (1.221 -1.232 Å), except in the case of the C12=O12 bond, where the oxygen atom is not involved in the coordination to metal cation, a slight increase is observed (1.246 Å). The analysis of the C-N bond lengths in the anions showed a good agreement with the mean value (1.38 Å) (Allen, 2002) .
While the N-atoms of the four anions coordinate the Cu(II) cation, the O-atoms are bonded to the Na cations. As a result, each anion has a different coordination to metallic centers. They are schematically shown in Table 2 . 
Coordination sphere of copper ion
The copper(II) cations are surrounded by four anionic ligands (Fig. 2a) , and the CuN 4 coordination sphere is formed by four N atoms from the deprotonated phthalimide NH groups. The Cu-N bond lengths are equal within the experimental error (Table 3 (Fig. 2b) ; the N-Cu-N valence angle values differ significantly from the expected value of 109˚ or 90˚ for tetrahedron or square, respectively. Probably, the size of the phthalimide molecule and a specific arrangement of the accompanying sodium ions prevent the attachment of a larger number of ligands. (4) Na1...Na1 (3) a -x+1, -y+1, -z+1; b -x, -y, -z
Coordination environment of sodium ions
In the presented crystal structure there are two symmetrically independent Na cations. The coordination environment around the Na1 ion is a square pyramid with coordination number of 5 (NaO 5 ). The Na1 cation binds to four phthalimide anions and one propanol molecule (Fig. 3) , while the Na2 ion additionally coordinates one molecule of water supplementing its coordination number to six (NaO 6 ) (Fig. 3) , it results in the formation of a very distorted octahedron (Table  4 ). The Na-O distances to the phthalimide anions within the coordination spheres are in the range 2.263 -2.453 Å, while the Na-O propanol distances are the shortest (2.292, 2.251 Å) and the Na-O water is the longest one (2.726 Å) ( Table 3 ). Both coordination polyhedra around the Na cations -square pyramid and octahedron -are distorted, as indicated by the values of the valence angles (Table 4) . 
O32-Na2-O22 110.1(2) O42-Na2-O32 90.8 (2) O2P-Na2-O32 109.7(2) O2P-Na2-O42 95.0(2)
O42-Na2-O22 173.04 (1) a -x+1, -y+1, -z+1; b -x, -y, -z
The coordination spheres of both sodium ions are transformed around the centers of symmetry located at 0,0,0, and ½,½,½. The polyhedra are linked by the bridging phthalimide oxygen atoms (O41 and O22) forming a dimer of square pyramids and a dimer of octahedra, for Na1 and Na2, respectively (Fig. 4) . Thus, the coordination polyhedra share the common edges, O41---O42 a for Na1 and O22---O22 b for Na2, respectively. In the crystal structure of the analyzed complex, the copper and sodium coordination spheres are bridged by the imide fragments of the anions, while the water and 1-propanol molecules are pendants to the main chain. Thus, the resulting structure is the polymeric chain of the alternating coordination units discussed above: ....Cu…(Na2..Na2)…Cu…(Na1Na1)…Cu…(Na2Na2)…Cu.... (Fig. 5) . The main crystal packing motif is the parallel alignment of polymeric columns running along the crystallographic direction [111] .
The external part of these columns is hydrophobic and, between the adjacent units, the π…π contacts are observed with the C…C distances of ca. 3.5 Å. The hydrophobic molecular fragments are the aromatic rings of phthalimide and alkyl chains of propanol molecules which are oriented outside the coordination centers. The crystal structure is stabilized by the O-H…O hydrogen bonds formed between the water and propanol molecules within the polymeric unit. In this system, the donors are oxygen atoms of water and propanol molecules, which are simultaneously coordinated by sodium ions. The acceptors are oxygen atoms of imide group, that do not participate in the coordination of the cation (Table 5 ). The short O...O distances (less than the sum of van der Waals radii, viz. 3.04 Å) indicate relatively strong interactions. 2.518 (7) a -1+x, -1 + y, -1 + z; b -x, -y, -z
IR spectroscopy
The IR spectra of phthalimide and its heteronuclear complex are presented in Fig. 6 . The vibration mode at 3408 cm -1 in the spectrum originates from O-H stretching and confirms the presence of propanol and water molecules in this complex structure. The broad band at 3204 cm -1 observed in the spectrum of phthalimide, assigned to the N-H stretching vibration, disappears in the spectrum of the complex confirming the deprotonation of the N imide atom.
In the range of 3050-2850 cm -1 there is only one peak in the spectrum of phthalimide and there are observed multiple modes for the complex, corresponding to the C-H stretching vibrations from phthalimide anion and propanol hydrocarbon skeletons.
The strong peaks in the range of 1724-1775 cm -1 assigned to the C=O symmetric and asymmetric stretching vibrations (Elkin et al., 2010) are red shifted upon coordination. The bands appearing at 1388 and 1308 cm -1 for phthalimide were designated to the C-N stretching vibrations. They are slightly blue shifted to 1374 and 1307 cm -1 for the complex. Similar changes were observed for bromo substitution of phthalimide at the N imide atom (Krishnakumar et al., 2005) . In summary, the synthesis, spectroscopic characterization and crystal structure of the first phthalimide coordination compound with the Cu(II) cation has been reported. The complex was synthesized by one of the green chemistry methods, i.e. an oxidative dissolution of zero valent metal powder in the presence of NaH. The stable solid complex has a polymeric structure with alternating coordination units of Cu(II) and Na cations: /CuN 4 /(NaO 5 ) 2 /CuN 4 /(NaO 6 ) 2 /CuN 4 /(NaO 5 ) 2 /... The Na coordination polyhedra share the oxygen atoms of the phthalimide anions, while the N-atoms coordinate the Cu cation solely. The resulting columns of the polymeric complex are arranged in a parallel mode forming a pseudo-hexagonal structure.
